Abstract Point-of-care ultrasound (POCUS) is a widely used tool in critical care areas, allowing for the performance of accurate diagnoses and thus enhancing the decision-making process. Every major organ or system can be safely evaluated with POCUS. In that respect, the utility of POCUS in cardiac arrest is gaining interest. In this article, we will review the actual role of ultrasound in cardiac arrest and the main POCUS protocols focused to this scenario as well as discuss the potential role of POCUS in monitoring the efficacy of the chest compressions.
Introduction
Advanced life support is an essential component in the chain of survival for both in and out-of-hospital cardiac arrests (CA) [1, 2] . Several tools are employed in assessing the resuscitation process, aiming at optimizing the coronary and systemic blood flow and thus improving the likelihood of return of spontaneous circulation (ROSC) [1, 2] . In the overall CPR process, Point-of-care Ultrasound (POCUS) appears as a technique to be considered in the diagnosis of reversible causes of cardiac arrest, such as tamponade, pulmonary embolism, tension pneumothorax and hypovolemia [1, 2] , as well as in distinguishing a true asystolia from a false asystolia. In this article, we will review the actual role of POCUS in cardiac arrest in diagnosing, monitoring and prognostication as well as discuss some other potential applications, such as in assessing the effectiveness of the chest compressions.
POCUS role in cardiopulmonary resuscitation
Diagnosis and monitoring
The current CPR guidelines recommend performing POCUS when a reversible cause of CA is suspected, although it is stated that the improvement of outcomes with the use of POCUS in CA has not been yet demonstrated [1, 2] . As previously mentioned, the main utility of POCUS in CA is suggested in non-shockable rhythms (i.e., pulseless electrical activity and asystolia), aiming at identifying reversible causes of CA, such as tamponade, pulmonary embolism, hypovolemia and tension pneumothorax [1, 2] . POCUS-guided pericardiocentesis thrombolytics, needle decompression and fluid challenges can be performed during CPR, many times resulting in ROSC [3, 4] . In this way, POCUS use in CPR can lead to improved management in a significative number of patients [3] [4] [5] . Additionally to rule in or out these four basic reversible causes of CA, other conditions can be diagnosed, such as severe valve problem, severe LV or RV systolic failure and cardiac rupture. However, the impact of POCUS in these arrests is uncertain.
Determining a true asystolia vs a fine ventricular fibrillation can be made using POCUS, especially when rhythm monitoring is in doubt (e.g., has artifacts), with both prognostic and therapeutic implications [6, 7] , since patients with fine ventricular fibrillation probably benefit from defibrillation and have best chances of ROSC and survival.
Several POCUS protocols have been created to be used in the emergency and critically ill patient [8, 9] , although few of them are focused on CRP for the recognition of reversible causes of CA, such as the CAUSE [10] , FEEL [3] , FEER [11] , PEA [12] and SESAME protocols [13, 14] ( Table 1) . FEEL and FEER explore the heart only, CAUSE explores the heart and lung; PEA and SESAME are multiorgan protocols, exploring the heart, lung, abdomen and proximal deep veins of lower limbs ( Table 1) . Instead of arguing in favor of or against one protocol over the other, choosing one of them and using it systematically in the emergency department or critical care unit seems to be the best approach. Furthermore, each department can also create its own protocol or algorithm.
Integrating US into CPR should follow one basic premise: POCUS must not interfere with the CPR [15] . Thus, POCUS is safely integrated into the CPR when it is performed in the first rhythm assessment and in the 10 s intervals to check carotid pulse and observe other physiological variables (capnography, invasive arterial pressure) looking for signs of ROSC. Thus, operators should be properly trained in obtaining and interpreting images in these timeframes. The presence of an operator who is exclusively, or at least preferentially, dedicated to ultrasound scanning would be desirable. To authors' knowledge, training recommendations regarding POCUS use in CA are not yet formulated. One can presume that using a multi-organ approach possesses a high learning curve in comparison with performing solely cardiac US or cardiaclung US.
Technically, the US machine must have a very rapid boot-up and setup and be rapidly available [13, 14] , as happens with portable equipment. Hand-held devices are also useful for this purpose. Using a single transducer capable of exploring all areas (e.g., a convex or microconvex probe) is preferable or eventually two transducers, such as a phased-array probe and a linear probe, as long as rapid switch between them is achievable.
An algorithm for using POCUS in CA is proposed in Figs. 1, 2, 3, 4, 5 and 6. It is intuitively desirable to use a rational ''holistic'' approach, always starting with cardiac images (subcostal four-chamber and inferior vena cava views, if not enough, parasternal long axis or apical fourchamber view) and then exploring the next area (if required) based on cardiac images (and clinical correlation, if possible). For example, a clear tamponade does not require another exploration while an enlarged right ventricle (RV) raising suspicion of lung embolism usually mandates an exploration for deep vein thrombosis (in the first minutes of CPR, since thereafter ventricular equalization occurs and RV dilation is not categorical for lung embolism). Acute RV dilation occurs after a few minutes of arrest as blood is translocated from the systemic circulation to the right side of the heart along its pressure gradient. This means that right ventricle strain and pulmonary embolism should be cautiously ruled in on late cardiac Abdomen: e.g., free fluid, ruptured abdominal aorta --2-3 (first in traumatic arrest) 3
Numbers refer to the order in which scans are performed CAUSE cardiac arrest ultrasound exam, FEEL focused echocardiographic evaluation in life support, FEER focused echocardiographic evaluation in resuscitation, PEA parasternal-Epigastric-Abdomen and other scans (*the order of scans can vary according to clinical setting), SESAME sequential emergency scanning assessing mechanism or origin of shock of indistinct cause, DVT deep venous thrombosis arrest [16, 17] . Fortunately, deep vein thrombosis assessment is made without interrupting chest compressions. In addition, evaluating the pleura and abdomen in search of effusions (hemorrhages, in particular) or a ruptured abdominal aorta do not interfere with the CPR. Transesophageal echocardiography (TEE) is useful to assess patients in CA with inadequate or insufficient TTE windows. Its main advantage over TTE is that it can be used continuously without interrupting chest compressions [18] . Disadvantages are the lack of observation of direct causes of CA, such as abdominal bleeding or pneumothorax. Main limitations for its use are availability and costs.
Prognosis
Determining a true asystolia (absence of cardiac contraction or cardiac standstill) vs a still-contracting heart, is another interesting data provided by POCUS. When using POCUS, studies has shown that 10-35% of asystolic patients have demonstrable cardiac contraction [3, 4] . Cardiac contraction can be defined as any visible movement of the myocardium, excluding movement of blood within the cardiac chambers or isolated valve movement [4] . Demonstration of cardiac contraction on initial US is of paramount prognostic importance. In a recent 20:193-198 195 multicenter study involving 793 out-of-hospital CA and in-ED CA patients with pulseless electrical activity (PEA) or asystolia, cardiac activity was present in 33% of the patients on initial US and was associated with ROSC (OR 2.8, 1.9-4.2), survival to hospital admission (OR 3.6, 2.2-5.9), and survival to hospital discharge (OR 5.7, 1.5-21.9); whereas patients who lacked detectable cardiac activity had poor ROSC and overall survival rate. Overall, ROSC rate was over 50% if cardiac activity was detected vs. 14.1% if none was documented [4] . It should be noted that ROSC detection depends on the presence of a pulse, capnography and invasive arterial pressure readings; therefore, it is not equivalent in an isolated manner on the presence of cardiac contractility on POCUS. A meta-analysis of eight studies (n = 568) with mixed non-traumatic and traumatic arrest patients [19] also showed a poor likelihood of ROSC and survival when no cardiac activity was detected, but a modest increase in ROSC and survival (LR 5) if cardiac contraction was present. Other studies showed similar results [5, 20] .
While a ROSC and overall survival rate are poor when no cardiac contraction was observed, this cannot be applied as a strict standard criteria to not initiate or cease the resuscitation efforts, since there is still a low number of patients who can achieve ROSC and survival [4, 19] , especially those with witnessed arrests, early CPR, short down time [19] or a potentially reversible cause of CA.
Potential application of POCUS in CPR
Efficacy of the compressions is of paramount interest in CPR, since proper compressions are associated with ROSC and survival. To date, capnography and invasive arterial pressure are the two main tools recommended in the CPR guidelines to monitor resuscitation maneuvers in advanced CPR [1, 2] . A potential utility of POCUS is in the direct evaluation of the compressions, providing real-time observation of the squeezing and relaxation of the cardiac chambers under compressions. Several studies have demonstrated that the area of maximal compression when providing chest compressions many times result in no blood pumping in a significative percentage of patients, since it is mainly compressed the ascending aorta, aortic root or the left ventricle outflow tract, but not the left ventricle [21, 22] ; thus POCUS may aid in adjusting the applied forces and hands location for optimization of the compressions. Transthoracic echocardiography for this purpose has several drawbacks, such as the movement of the transducer with chest compressions and the interference between hands of providers and the positioning of the transducer. Transesophageal echocardiography does not have the limitations of TTE regarding the movement and positioning of the transducer and thus has a potential role in advanced CPR in assessing the efficacy of the compressions [18] . In fact, mechanisms of flow during CPR (cardiac pump theory vs thoracic pump theory) were best investigated with TEE in several studies [23] [24] [25] . However, both TTE and TEE show standardization issues, since they are not clear as to what variables operators should assess to determine whether compressions are optimal or not.
Conclusions
POCUS in CPR is helpful in diagnosing reversible causes of cardiac arrest; in distinguishing a true from a false asystolia as well as in monitoring the overall CPR process; including using POCUS for guiding interventions (e.g., POCUS guided pericardiocentesis). Prognostic information (likely of ROSC and survival) is also provided by POCUS when this is performed on the first rhythm assessment as well as in hand-off periods. Finally, efficacy of the chest compressions is an interesting issue that can be evaluated with POCUS, especially TEE, however, further studies are needed to provide firm recommendations in that issue.
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